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LOW-SFPEED INVESTIGATION OF ATLERON AND SPOILER CHARACTERISTICS
OF A WING HAVING 42° SWEEPBACK OF THE LEADING EIGE AND
CIRCULAR-ARC AIRFOIL SECTIONS AT REYNOLDS NUMBERS
OF APPROXIMATELY 6.0 x 10© :
By Stanley H. Spooner and Robert L. Woods

SUMMARY

A low-speed lnvestlgation has been conducted in the Langley 19-foot

Pressure tumnel at Reynolds numbers from 5.3 X 106 to 6.9 X 106 to deter-
mine the effectivensss of a conventlional alleron and of varlious spanwise
spoller arrangements on a L42° sweptback wing. The wing had an aspect
ratio of 3.94, a taper ratio of 0.625, and thin, symmetrical, circular-
arc alrfoll sections. The rolling-moment cheracteristics of the aileron .
and the spollers, together with the alleron hinge-moment, normal-force,
and balance-chamber pressure characteristics were determined for both

the plain wing and the wing equipped with various high-1ift and stall-
control devices.

The results of the investigation indicate that the effectiveness of
the aileron C3y on the plein wing decreased slightly at high angles of
attack. At low angles of attack, the effectiveness of the alleron was
approximately the same regardless of the flap configuration. As the
angle of attack was Increased, however, deflection of inboard-located,
half-aspan, split flaps resulted in a logss of alleron effectiveness.

The combinatlon of leading-edge flaps and stall-control fences almost
entirely offset the detrimental effects which resulted when the split
flaps were deflected. For the plain wing configuration, the alleron
hinge-moment characteristics were such that a conventional, sealed,
internal eaerodynamic balence of approximately 30 percent of the aileron
chord would be regqulred to completely balance the alleron at low angles
of attack. With this amount of balance, the alleron probably would be
mnderbalanced at high angles of attack of the plain wing and at all
angles of attack of the flapped configurations. When stalling occurred
on the outboard portions of the wing, as 1t did without the stall-

‘control devlices, an Inboard spoller location was more effective than an

outboard location, and when inboard stalling occurred the outboard
spoller location proved more effective. The spollers on the plain wing
became Ineffective in the maximum 1ift range. The maximum rolling
effectiveness of the 10-percent-chord step spoilers on the wing equipped
with the high-1ift and stall-control devices was equivalent to that
produced by a total alleron deflection of approximately 35°.
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INTRODUCTION

The contemplated use of swept wings incorporating sharp-edged air-
foll sectiona for high-speed alrplanes has resulted in a need for
information concerning the effectiveness .of lateral-control devices on
wings of this type. An investigation at low alr speeds, thersfore, has
been made 1n the Langleg 19-foot pressure tumnel to determine-the lateral
characteristics of a 42° sweptback wing which had sharp-edged,

- symeetrical, circular-arc airfoil sections and was equipped with elther a
conventional aileron .or various spanwlse arrangements of step spollers.

The rolling-moment characteristice of the aileron and the. spollers
together with the aileron hinge-moment, normal-force, and balance-chamber
pressure characteristics were determined for both the plain wing and the
wing equipped with various high-1ift and stall-control devices. These
devices included extensible, round-nose, leading-edge flaps, leading-
edge drocoped-nose flaps, trailing-edge split flaps and upper-surface
fences.

The investigation was conducted at Reynolds numbers ranging between

53X 106 and 6.9 x- 106 which corresponded to a Mach number range
of 0.11 to 0.15. . )

SYMBOLS

The data are referred to a set of axes coinciding with the wind
axes and orlginating In the plane of symmetry at the quarter-chord ’
polnt of .the mean aerocdynamic chord. All wing coefficlents are based
upon the dimensions of the basic wing.

Cr, 1lift coefficient (Lift/qS)
CL maximum 1ift coefficient
max o T o T
Co,. drag coefficlent (Drag/qs)
Cp pltching-moment coefficlent (Pitching moment/qSC)
Cp yawing-moment cogefflcient (Yawing mnment/qu)

c, rolling-moment coefficient (Rolling moment/gSb)
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aileron normal-force coefficilent (Aileron mormal force/gSg)

alleron hinge-moment cocefflclent,
@.ileron hinge moment aboub hinge Jine/q,b )

alleron balance-cha.mber resultant-pressure coefficlent
((Lower—surface pressure - Upper-surface pressure)/q)

free-stream dynamic pressure, pounds /squ.are foot
wing span measured normsl to- plane of symmetry, feet

spoiler span measured normal to plene of symmetry, feet

product of alleron span, measured along alleron hinge line,
and square of root-mean-square chord, measured behind and
normel to hinge line, 0.536 cubic feet

wing area, square feet

alleron area behind hinge line, square feot

wing mean asrodynamic cho'rd measured parallsl to plane of

b/2
symmetry, 2.942 feet -g-
0

local wing chord measured parallel to plane of symmetry, feet

root-mean-square chord of hypothetical eileron balance measured
ehead of and normal to aileron hinge line, feet

spanwlise coordinate, measured normal to plane of symmetry, feet
engle of aftack, degrees

alleron deflection, measured in plane normal to hinge lins,
degrees (positive when trailing edge 1s deflected downward)

arith.metical sum of equal up and down aileron deflections for
an assumed set of allerons

sweepback of leading edge of wing, degrees
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CZ rate of change of rolling-moment coeffliclent with aileron
5 deflection (alleron effectiveness) v
Ch rate of change ofhlnge-moment coefficlient with alleron
8 deflection :
Cha rate of change of hinge-moment coefficient with angle of
attack
BR rate of change of aileron-balance-chamber pressure coefficient
5 with alleron deflection. . =~ = - . s
ER rate of change of alleron-balaence-chamber pressure coefficlent-
& with angle of attack
C'h rate of change of hinge-moment coefflcient in a steady roll with
8 alleron deflection

MODEL

The principal dimensions of the modsel are shown in figure 1. Photo-
graphs of the model mounted in the Isngley 19-foot pressure tunnel are o=
shown in figure 2. The wing was of sclld steel construction and had an '
aspsct ratio of 3.94 and a taper ratio of 0.625. A straight line con-
necting thg leading edge of the root and theoretical tip chords was swept
back 42.05°. The symmetrical circular-arc airfoll sections were fabri-
cated with a constent radius of 83.26 inches in a plane perpendicular to )
the line of maximum thickness. As a result, the leading and trailing .
edges were slightly curved in plan form. The maximm divergence from a
straight line commecting the root and theoretical tlp chords at Lhe
leading and trelling edges was about O.4t inch. The airfoill sections,
taken normal to the line of maximum thickness, had a maximum thickness
of- 10 percent of the chord at the root and 6.& percent-of the chord at
the tip. Parallel to the plane of symmetry the maximum thickness was
7.9 percent of the chord at the root and 5.2 percent of the chord at the
tip. ' .

The high-1ift and stall-control devicas used on the model are shown -
in flgure 3. The drooped-nose flaps extended over the outer 60 percent
of the wing, had a chord of 0.184c, and were deflected 30° measured in a
plane normal to the hinge llne. The amounbt of flap deflection was based
upon unpublished data which indicated 30o to be optimm for this wing
from considerations of pitching moment and maximum 1ift. The extensible

leading-edge flaps had a sp@nrof_0355% and extended from O.AQBE

to 0.9752 (beginning of rounded tip). The chord was constant and amounted FL
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to about 18 and 13 percent of the wing chord at the outboard and inboard
ends, respectively. The deflection was 37°, measured in the manner shown
in figure 3+ The 0.20c trailing-edge split flaps extended over the
inboard 50 percent of the wing semispan and were deflected 60° from the
lower surface of the wing.

The upper-surface fences (fig. 3) were mounted noxrmal to the wing
surface and parallel to the plane of symmetry. They projected 0.6 of
the maximum thickness of the root section above the wing surface. When
used in conJunction with the drooped-nose flaps, the fences extended

b
from the wing trailing edge to about the 0.18c point and were located 0-055

outboard of the inboard ends of ;bhe drooped-nose flaps. For the configu-
rations with the extensible leadlng-edge flaps, the fences extended from
the trailing edge to the leading edge of the wing and were located

0.025% outboard of the inboard ends of the flaps.

Only the left side of the wing was equipped with the sealed,
unbalanced, contour aileron. The aileron chord was about 0.18c, and the
span was O_.)+75%, with the inboard end located at 0.5-%. Resigtance-type

electrical strain gages were employed to measure the aileron normal
forces and hinge moments. The aileron seal, which was designed in a
manner so that no moments and negligible forces were tramsferred from 1t
to the alleron, extended the full span of the alleron except for cub-outs
to allow for the mounting of the strain-gage beams. Pressure orifices
wore installed in the alleron balance chamber to enable the pressure
differences across the seal to be determined. The detalils of the alleron
are glven in Pigure L.

The spollers used were of the step type. The sﬁa.n of each step
was 0-10-123- with the exception of the outboard one which was 0.075%- With
all steps in place, the spoilers extended from the 0-20% statlon out-
board to the 0.97515) station. Spoller projections of 0.05¢ and 0.10c were

tested. The spollers were normal to the wing surface and to the plane of
symmetry. They were located on the 0.70c line of the left wing pamnel in
the manner shown in figure h.

TESTS

The tests were made in the Langley 19-foot pressure tunnel with the
alr in the tunnel compressed to approximately 2% atmospheres. Measure-

ments of the lift and drag and the pitching, rolling, and yawing moments
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wore made for each configuratlon through an angle-of -attack range
extending from -4 _to beyond maximum lift. For the allsron tests the
normal forces, hinge moments, and balance-chamber pressures of the alleron
wore determined for alleron deflections ranging from 25° to -25°. The
gpoller tests were made by using various spans of step spollers, in Incre-
ments of approximately 20 percent of the semlspan, starting elther

2

visual obeservation and fﬁom motion-picture records of the behavior of wool
tufts attached to the upper surface of the wing.

from 0,9752 or 0.20B spanwise stations. The stall studles were made by

All of the spoller tests and the stall studies were conducted at a

Mach number of 0.15 and a Reynolds number of 6.9 X 106, based on the
wing mesa aerodynamic chord. The aileron teste, wlith the exception of
the plain wing configuration which wee tested at a Reynolds number

of 6.9 x 106, wore conducted at a Reynolds number of 5.3 X 106 and a :
Mach number of 0.ll. Scale-effect tests were not made, since reference 1
has indicated no appreciable scale effect in this Reynolds number range.

REDUCTION OF DATA

All data have been reduced to standard nondimensional coefficients.
Corrections have been applied to the force and moment data to accoumt
for the tare and interference effects of the model support system.
Stream-inclination and Jet=boundary corrections have been applied to the
angle of attack and to the drag and pitching-moment coefficients. Jet-
boundary correctlons to the rolling- and yawlng-moment coefficients were
found to be neglligible and, therefore, were not applled toc the data.

The alleron hinges-moment coefflicients presented hereln are based
upon the product of the alleron span and the square of the root-mean-
square chord. Some recent practice (reference 2) has based the hinge-
moment coefficlents upon twice the area moment of the allsron. The
coefficlents presented herein may be converted to this base by means of
the followlng equation:

Cha (based on twice area moment) = 0.9520ha (presented herein) (1)

As a result of the interference of the strain-gage beams, the aileron
geal was Iincomplete and & small amount of leakage acrose it occurred. A
calibration of the leakage was made, and the resultant pressure coefficients
corrected to a no-lealnge condltion. The effect of the leakage on the
rolling-moment and hinge-moment coefficients 1s belleved to be amel]l and
has heen neglected. o ’
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RESUITS AND DISCUSSION

Alleron Characteristics

Rolling characteristics.~ The baslc alleron data are shown in
figures 5 to 10. Several representative crossplots of Cz and Ch
a

againet alleron deflectlion are presented 1n figures 11 and 12, respec-
tively. In order to show the alleron effectiveness CI determined
o)

for a smsll range of aileron deflections through 5a = 0°, the variation
of CZS wlth angle of attack 1s presented in figure 13 for the several

flap arrangements tested.

It can be seen that 015 has a value of approximately 0.00100 at

low angles of attack for all flap configurations. The value of C.L8 of

0.00105 obtalned at a = 0° for the wing without flaps was about the same
as that (0.00102) determined by means of the charts of reference 3 and
reduced by cosgA to account for the effects of sweep. The rate of
change of rolling-moment coefficlient with aileron .deflection CZ& for

the wing without flaps and for the wing equipped with the extenslble
leading-edge flaps and fences remained approximately constant as the
angle of attack was Increased up to that corresponding to 0.850Lma .

x

1ift coefficlents corresponding to 0.8501 are ugsed herein as a basis

The

for comparlson since they might be considered as representative of those
for the landing-approach condition. The addltion of the split flaps to
the plain wing resulted in & 25-percent decrease In C, at 0.850Lma .
3 x
Furthermore at C; , the value of CZS was only 0.00040. The further
max
addition of the leadling-edge flaps did not prevent the large reduction
caused by the split flaps bubt, with the leadling-edge flaps in combinabion
with the stgll-control fences, the values of CZa were comparable to

those obtained for the plain wing. The aileron effectivenese of the wing
equipped with the drooped-nose and split flaps and fences was approxi-
mately the same as that for the configuratlon with the extensible leading-
edge and split flaps and fences.
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From an inspection of the basic date presented in figures 5 to 10,
1t can be seen that the rolling-moment coefficients obtained from the
plain wing and the split=flap configurations were approximately the same
for either up or down aileron deflections. For the configurations having
the leadlrnig-edge devices, however, the rolling-moment coefficlents pro-
duced by the ailerons were larger for the up deflections than for the
down. deflectlions.

The rolling-mqmant coefficients obtained for a total aileron deflec-
tion of 30° (15° up and 15° down) on the various wing configurations are
presented in figure 14. The rolling-moment coefficlents produced by
large deflectlons of the aillerons varied considerably with wing configu-
ration and with angle of atbtack. At these large alleron deflectlons the
total rolling-moment coefflclents at low engles of-attack were approxi-
mately the same (about 0.03) for all configurations investigated. At
higher angles of attack the total rolling-moment—coefficlents produced
by large deflections of the aileron on the different configurations varied
in a msnner similar to the alleron effectiveness at small deflectlons in
that the rolling-moment coefficlents obtalned wlth the spllt flap con-
figuration decreased rapidly with Iincreasing angle of attack. Only moder-
ate decreases were obtalned with the confiligurations involving the leading-~
odge and split flaps and the fences. With. the leading-edge flaps and
fences but wlthout the split flaps the decrease was slight.

Adverse yawing-moment coefficlents were obtained throughout most of
the angle-of-attack range, the largest values of which were obtalned for
the wing without £laps (fig. 1h).

Pitching-moment characteristics.- The curves of pitching-moment
coefficlent agalnst angle of attack for the maximum alleron deflsctlons
investigated are presented in figures 5 to 10. It can be seen that
for the plain wing and for the wing equlipped with split flaps a smaller
increment In the pltching-moment coefflcient-was obtained at positlve
angles of atback with the up alleron than with the down ailleron. Con-
versely, smaller Increments in the piltching-moment coefficient were
obtained with the down allsron than with the up alleron for the wing
equipped with the lsadling-edge devices. It 1a estimated that about 20
of elevator deflectlion would be needed to compensate for tiie meximum
increment in pitching-moment coefficient resulting from 25° up and down
deflectlion of a set of-allerons.

Hinge-moment characterlsticg.- In order to illustrate the alileron
hinge-moment characteristics of the various conflgurations investigated,
the hlnge-moment parausbers Cn5 and Ch end the balance-chamber

resultant-pressure paramsters BRa and -ER wore determlaed from the
a
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basic data of figures 5 to 10 end are presented iIn figure 15. It can be
geen that considerable variation in the values of these parameters
occurred. In order to show the effects of the veriation in Chm’ a

rolling condition must be considered, amnd if the alleron balance 1s to be
of the conventional, sealed, internally balenced type, the parametbers BRG

and 3R also must be considered. The combined effect of these

a
parameters for an alleron having varilous amounts of intermal balance is
shown in figure 16. The hinge-moment parameters of the aileron with
varying amounts of balance were calculated by means of the following
equations:

s -

AT
C = C + = = (2)
hy with by without %PRS Za
balance balance
Ch = Ch + -JZ:PR - (3)
a with a without a\ Cg
balance balance

where the span of the balance was assumed equal to the span of the
glleron and where the balance chord was assumed to include cne-half of
the gap covered by the sesl.

The parameter C'h8 is defined as the rate of change of hinge-

moment coefficlent in a steady roll with aileron deflection and was
calculated by means of the following equation:

2(Aa)

¢, =¢C ___5_2
hy hy = cha

a

in which the values of the paramseters Chs and Chm were computed

from equations (2) and (3) for various amounts of balance and
Q(Aﬂ')p 015

where —5— - — =
’ a K CY‘P
change in angle of attack in a steady roll to the change in ailesron
deflection. The constant K was determined by means of the charts

of reference 4. The demping-in-roll coefficlent Cz was determined

-210028 and is the ratio of the effective

p
from reference 5 and had a value of 0.266.
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Considering first the ailerom without any Internal balance, flgure 16
shows that on the plain wing the alleron was. more underbalanced at high '
angles of atback than 1t was at low anglea of atback. The aidition of
the split flaps resulted in an opposite effect; the alleron was more
balanced at high than at low angles of attack. The further addition of
the leading-edge fleps and the stall-coatrol fences tended to offset the
effect of the split flaps and resulted in g reduction in the variation -
of C’h8 through the angle-of-attack range. The valuss of C'h5 at

high angles of attack and four the flapped conflgurations are not neces-
sarlly correct since C; , which was determined at a = 0° for the plain o
D

wing and assumed constant In the determination of C'hs, probably varies

with angle of attack and flap configuration. The tremds, however, are
coneldered to be indicatlive of the effects of the high- lift and stall-
control devices. .

The data presented in flgure 16 indicate that on the plain wing at
zero angle of attack this alleron equipped with a conventloaal, sealed
Internal balance would requlre a balance chord of about 30 percent of
the alleron chord for C'hs = 0. As the angle of attack is increased,

more balance chord is required until at about the angle of atback
for C e balance chord of approximately 55 percent would be regquired.
Ihax

For the split-flap configuratlion the smount of balance chord regquired
for C’hS =-0. was 45 percent at a = O°, increased to more than 55 per-

cent at moderate angles of attack, and then decreased to about 45 percent
at high angles of attack. For the configuratioms involving the leading- B
edge devices and the fences, the amount of balance chord required :

for :C'h = 0 was between 45 and 50 percent at low angles of attack and -
<]

Increased aboat percent at the angles of attack corrssponding ) e

to 0.85C

Lax” . .

If, therefore, the aileron on the plain wing was closely balanczed
for the high-speed condition, 1t would be underbalanced at the low-speed,
flaps~deflected condition although the small dynamlec pressures at the
low speeds would tend Lo prevent—the occurrence of excessive control
forcesa.

The foregoing comparison of the alleron effectliveness for the
various flap configurations has besn made by using slopes determined at
zero alleron deflection. Since the date presented In figure 12 indlcate
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that the variation of hinge-moment coefficient with alleron deflection

becomes more negative at large deflections, 1t should be noted that the
aileron would be more underbalanced at these large deflections than 1s

indicated in figure 16.

Normal-force characterlgtics.- The aileron normesl-force coefficients
presented in figures 5 to 10 represent the forces on the alleron behind
the hinge line. In the use of these data in the design of an alleron
with a sealed intermel balance, account must be taken of the additionsal
forces acting on the balance. The maximum values of the alleron normal-
force coefficlents were about the sams for the flapped or unflapped wing
configurations. The stall studies presented in figure 17 show that the
alleron on the plain wing 1s completely stalled at an angle of attack
of l6.9°, whereas the alleron on the flapped wing is only partly stalled
at angles of attack of more then 19°. As a result of this early aileron
gtall the variation of aileron normal-force coefficient with angle of
attack for the plain wing was not as linear as that for the wing with the
leading-edge devices. i

Spoller Characterlstics

Representative date obtained from tests of numerous wing and
spoiler configurations are presented in figures 18 to 21.

Rolling-moment characteristics.- It is apparent from the data pre-
sented in figures 18 to 21 that the origin and progression of the stall
are reflected in the rolling-moment coefficients contributed by the
various spoiler arrangements. In the case of the plain wing (fig. 18(a)),

the outboard section of the 0.775% spoller 1s enveloped in tip stall at a

relatively low angle of atback (approximately 8.6°; fig. 17) which results

in an abrupt decrease in CZ « The same abrupt decreass in Cz 1s 1ndi-
cated for a 0-375% gpoiler located at the tip, whereas a O.h%-spoiler

located inboard of the 0.602 station does not encotmter the effects of

the wing stall untlil an angle of attack of approximately 12°. The wing
equlpped with bthe high-1ift and stall-control devices exhibited an initlal
stalled region bshind the inboard ends of the leading-~edge flaps, and as
the spoilers extended Into this reglon there was a marked reduction in ¢

(figs. 20 and 21(a)). It should be noted that for the flapped configu-

ratlons some rolling-moment coefficient is produced for angles of attack
corresponding to CI .

[/
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The effects of spoller projection or height for the plain wing may
be seen by a comparison of figures 18(a) and 19(a). In the low angle-
of-atback range, the 0.10c apoller is several times as effectlve as
the 0.05¢c spoiler which in all probability is due to the fact that a
amaller percentage of the 0.10c¢c spoller 1s in the houndary-layer alr. At
the angles of atback wheré the boundary layer becomes thicker end flow
separatlon occurs, the effectivensss of both the 0.10c and 0.05¢ spoilers
becomes equal until finslly bath have zero effectivensss as all the _
spoller segments are enveloped in the stalled reglon.

In figures 22 to 24 a suwmmary is presented of all spoiler combina-
tions tested. It can be ssen 1n flgure 22 that for a glven spoller apan
on the plain wing the inbosrd locatlon provided slightly greater values
of C; at low angles of attack than did the oubboard location. It is

qulte pcssible that the inboard epollers on a sweptback wing can, due to
crogsflow, cause spolling of the flow over sechtlcas of the wing outboard
of the spollers. TFor the flaps-deflected conflgurations, a spoller -
located on the outboard portion of ths wing produced higher values of C1

than a spoiler of equal span located inboard.. A spoller of the same span
but with 1ts inboard end locatsd at the wing root might result in yet
different results. It seems, therefore, that the optimum spanwise apoller
location on a sweptback wing is largely deperiderit upon the span loading
and/or the spenwise center of pressure of that particular wing.

It can be seen in filgure 22 that for the plain wing equipped with a
short epan of the 0.05¢c spoilers some rolling-moment reversal was
encountered. It 1s possible that with & shorbt span of the 0.10c spoilers
reversal might also be encountered. For this reasonbno attempt has been

made to falr the curves of figures 22 to 24 through 1-55 = 0.

Other serodynamic characteristics.- As indicated in figures 18 to 21,
the yawing-momenb cosfficlents obtained wlth the spoilers on the plain
wing were favorable up ta an angle of attack of about 12°. Above this
angle, adverse yawing-momsnt coeffilclents were obtalned although the
values were small. The addition of leading-edge end trailling-edge flaps
resulted in favoreble jeEwlng-moment characterlstice wp to almost ths
angle of attack for 'CLma . The values of Ch gt the lower angles of

x
attack were somewhat larger for the wing with flaps than for the plain
wing. oI L . L . B

The maximum changes 1n the pitching-moment coefficlent resulting
from the ' 0.10c projection of the spollers were 50 to 100 percent greater
than those resulting from the maximum deflection of a set—of allerons.
The outboard spollers on the plain wing configuration caused a largs
poaitlive shift in the piliching-moment curve up to the angls of atlack at
which tlp stalling begah. As the separated flow at hilgier angles of
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attack encompassed the spoilers, the.spoiler effectiveness dropped off
and the pitching-moment coefflcients bscame approximately the same as
for the wing without spoilers (fig. 18). A large positive shift in the
pitching-moment curves, which occurred throughout the angle-of-attack
range, was obtained with the outboard spoilers on the flepped configu-
rations as shown in figure 21. This trim change probably occurred as &
result of the outboard spoiler segments remaining in regions of unsepa-
rated flow at all angles of attack. In all cases where trim changes
occurred, larger changes were encountered with the outboard spoiler
locatlons than with the inboard locations. The magnitude of the trim
change was also dependent upon the spoller proJjectlon.

Comparison of Alleron and Spoilers

A brief comparison of the relative rolling effectiveness of the
alleron and the spoilers is presented in figure 25. The comparison is
made using what is considered as the optimum spoller span and location as

determined from data presented in figures 22 and 233§ namely, 0'602? the

inboard end belng located at 0.20% and 0.375% gpanwise stations for the

plain wing and the flapped configurations, respectlvely. It can be seen
that for the plain wing the rolling-moment coefficient at small angles of
attack produced by the 0.10c projection spollers was approximately equal
to that which would be produced by a total allsron deflection of 5%, At
higher angles of attack, however, the rolling effectiveness of the
spollers dropped to zero, whereas the aileron maintalined conslderable
effectlveness up through the highest angle of attack investigated. For
the wing equipped with the extensible leading-edge flaps and the split
flaps, the spoilers produced rolling-moment coefficients through tho high
angle-of -attack range which were equivalent to about 35° of total
alleron deflection. Although the rolling effectliveness of the aileron
increased about linearly with deflectlon up to Ba = f25°, the use of
large deflections for ailerons equipped with conventional intermal-
balance systems is limited on thin wings of the type investigated herein
to about t15° for a 30-percent balance chord.

The value of the wing-tip helix angle produced in a steady roll by a
lateral-control device is indilcative of the power or effectlveness of that
device. The helix angles were therefore estimated as CZ/CZ where CIP

P
is the damping-in-roll coefficient. With the alleron deflectlon limited
to about t15° +the value of the helix angle obtalnable at 0.850Lma with
b d

the flaps-deflected configuration would be about 0.084 for the aileron
and 0.093 for the 0.10c projection spoilers. This difference between ths
values of the helix angle produced by the aileron and by the spoiler would
probably be even greater 1f account were taken of the adverse yawing-
moment characteristics at the lower spesds.
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The foregolng comparison was based on the assumptlon that the
stick force of the aileron control would be held within renge of pilot t
capabilitlies through the use of an internsal serodynamic balance and
that the alleron deflection would be limited to +15° by this balence.
Under such conditions the maximum effectlveness of the spolilers can be
expected to.be as good as or superior to that of—the alleron except for
the plain wing at high angles of attack. If, however, by employment of
some means of -power boost ailleron deflections up to +25° could be
obtained, the aileron rolling effectiveness would be considerably
superior to that of the spoiller.

CONCLUSIONS

The results of an investigation in the Langley 19-foot pressure
tunnel of the characteristics of two types of lateral-~control devices
on a 42° sweptback wing with circular-arc alrfoil sections and various
high-1ift and stall-control devices indicated the followlng conclusions:

1. The effectliveness of the sileron C1g on the plain wing decreased N
slightly at high angles of attack. At low angles of attack the effective- .
ness of the alleron was approximastely the same regardless of the flap -
configuration. As the angle ofattack was Incressed, however, deflection
of inboard-located half-spen split flape resulted In a considerable loss
of aileron effectiveneds. The combination of leading-edge flaps and
stall-control fences tended to offset the detrimental effects which
resulted when the split flaps were deflected. -

2. The alleron hinge-moment characteristics were such that a con-
ventlonal, sealed, Internal aerodynemic balence of. approximately 30 per-
cent of the aileron chord would be requlred to campletely balance the
aileron at low angles of atback of the plaln wing configuration. With
this amount of belance the alleron probably would be underbalanced et
high angles of -attack of the plain wing and at all angles of atback of
the flapped configurations.

3. The rolling ‘effectiveness of the spoller at high angles of
attack appears largely dependent upon the spoller locatlon with respect
to the areas of separated flow on the wing. When stalling occurred
on the outboard portions of the wing an inboard spoller locatlon was
more effectlive. When stelling occurred inboard, as 1t did with the
wing equipped wilth the stall-control devices, the outboard spoiler
location was more effective.
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4. The spoilers on the plain wing became ineffective in the maximum
11ift range. The maximum rolling effectiveness of the 0.10c spoilers on
the wing equlpped with the high-1ift and stall-control devices was
equlvalent to that produced by a total alleron deflection of approxi-

mately 35°.

langley Aeronautical Laboratory
National Advisory Committee for Aeronsutlcs
Lengley Alr Force Base, Va.

REFERENCES

l. Neely, Robert H. 3 and Koven, Willlam: Iow-Speed Characteristics in
Pitch -of a L42° Sweptback Wing with Aspect Ratio 3.9 and Circular-
Arc Alrfoil Sections. NACA RM No. LTE23, 1947.

2. Fischel, Jack, and Schnelter, Leslle E.: An Investigatlion at Low
Speed of a 51.3° Sweptback Semispan Wing Equipped with 16.7-Percent-
Chord Plain Flaps and Allerons Having Varlious Spans and Three
Trailing-Edge Angles. NACA RM No. L8E20, 1948.

3. Weick, Fred E., and Jones, Robert T.: Résumé and Analysis of N.A.C.A.
Lateral Control Research. NACA Rep. No. 605, 1937.

4. Lengley Research Department (Compiled by Thomas A. Toll): Summary of
Lateral-Control Research. NACA Rep. No. 868, 1947.

5. Toll, Thomas A., and Queljo, M. J.: Approximate Relations and Charts
foiaLow-Speed. Stability Derivatives of Swept Wings. NACA TN No. 1581,
1948.



e

£6.2
e

f——— 68.25

Root
25 - (50)(05)- (50 (05)

42.00

£5-150)03.2)-(50/(03.2)

R ———

Saction A-A (enlarged) W

Flgure l.— Geametry of wing. All dimensiona in inches.

878!

o1

LOVET *ON WE VOVN




NACA RM No. LOAOT

(a) Front view of bottom of wing.

Flgure 2.— Wing mounted 1in 19—foot

pressure tunnsl.

17






0.0254

l"“l— 4.82"

NACA RM No. LSAOT

4

flap -

0.55%
Extensible £ —
leading-edge

19

—=-
30
Section A—A
fenlarged)

split flap

0.504 —

Section B-8 goe

(enfarged)

199"

Fence

-0. /3¢,

Section C—C
(enlarged)

g0
‘b.
o
By

7

Section O0-D
(enlarged)

,- o
Fence e

Section E~£
(enlorged)

Figure 3.— Details of high-lift and stall—control devices.



20

Approximars

_location of strain
gogé beams

0.10%
0.075%

!—-—-‘i 7.88"
\‘—\_3

Sta,
0.50%

Flexrble
seal

NACA RM No. LOAOT

0004c

Section A-A
(enfarged}

Section 8-8
(enlarged}

‘

Figure 4.— Geometry of aileron and spoilers.



21

W M0N0 OMONOG O
g YV AnNa

<>abaopondqavd

FOo—

o100
v e N
T
O~

o—-0—t-0—
N

'

e e

<3

:/// = S N I

— 1,
Q//
//
7

Py
4

[ et
o
B

pa

o T4

- 4 Q-__!'—//

NACA BM No. LOAOT
G'”a

.0/

0 &=

-0/

Cp

A

H1lo

2
O——Q

]
o o

Q
-o—]

75
n

0 1O
O

16 20 24

A
N

12

S

a, deg

8

~—]

\/'V’_—_- | 1V

4

()

.03 I
oz <

E
.0/ 1

=02
e
-03
-4

(a) C3, Cp, and Oy, eageinst «.

Figure 5.— Aileron characteristice of plain wing.



NACA RM No. LOAOT

Y

s

74

y

A9 % 9 7 N ¢
NERLIEE a4 1yl 14
UELE o] |
INYIYE 1 Iyl ¥
dBaldat ol /b D"
AN AN
AN A '
\\v\\m\\\\\m\\
/ \\ “ i N
)i v. JiD )
[ (1 /
INAN NN ERARY.
S ¢ & 83 % o ¥ 3 °© § 3
&

16 20 24

1724
o, deg

a

(b) Cph, and PR against a.

Figure 5.~ Continued.



NACA RM No. LOAOT

Cm

1.0
8 Pl P o
,//;/D' 2]
6 Z]
yrid
’ /i
/74
P -
W%
(2} //
/, ﬂ/
2 [
-4 ! ?
°I
(deg)
S 3
B 25
N7
o8 N
v 3
A A%
o - :
ll yd
- 04 - V;;/ -
%/ NACA ]
_'08 1 . ‘1 [
-8 -4 (7] < 8 e (6 &0 24
o, deg

(c) C;, and Cp against o.

Figure 5.— Concluded.

23



ol _ - NACA RM Fo. LOAOT

N}
4 VX:: (a%e)
. : 2
= > :’° T la v -1
o1
4 A T 3
~ o /,f ‘:y/v & 15
CNg 0 o——to1T7 L] 17
T
-2 rz/v/
=4
.0/
on ° H e —@%
N
-0/
02
B
o/ ) \&\\
. ~J
T R > e %: B E‘ =N
~o- >—13
G 0 M D B D B P €. 3
] - -
-0/ L/’V‘T
_02 M - 3 1 1

(a) C3, Cp, and Cy, ogainst o.

Flgure 6.— Aileron characteristics of wing with split flaps.



NACA BM No. LOAOT

.8
| R e
L&
4 o= lo
> < o .
— o~ T >
, BT
o t—1"] g’//
...4 — /
v———
-.8
-08 L] 1 L) 1
LT[ v
A
.04 S
AN
0 O\\O“’O\\
o— o \\_.
N N
_ N\
O T e N
|| NN
-.08 T E% T
\\ >
~12 o e [t
N
N N
\\K Lo
-/6 NN
N
=20
-4 o 4 & 74 16 20 24

(v) Ch, and PR against o.

Figure 6.— Continued.

pQO0d

25



6 . NACA RM No. LOAOT

147,

=2
/Bf/ﬁ
8 2
/
//
6
,
o w74
4 7
7
£
o
°l
{deg}
87
n 15
O4
o By
F ,OJ/—QT : R
Cm ~04 o /’@////K 2
b L~
~08
-2 L '-‘ |
-4 o 4 & 12 16 20, 24
@, deg /

i

: f
(c) C;, and Cp ageinst a.

Figure 6.— Concluded.



NACA RM No. LSAOT 27

6 8
4 I - i O g g I g 2 2
i T BN - i ”/0"_’. g1
- . - b
4] .: : v ../0“0 Q -3
== e g 3
. — =
0 b/j:?'f:__v__wfo-— /e’//" :’—: g ;:5:
L D 25
| 5 A
y g
)
=&
.01
taman
Cp o — =
- B
”0/ 1)
08 1S 5 T o
0/ PO /4 s = S
& T
o = 1q o
S e o e el L D o
- F 1o ST 192
..02 - A : /‘g—/-fi
-03 v [ W
-4 o 4 & 174 16 20 24

a, deg
(a) C1, Cp, end Oy, against a.

Figure T.— Alleron characteristics of wing with drooped.—-nose and split
flaps and fences.



NACA RM No. LSAOT

(::s)
3%

:650:—60:65
IS

<abaoponeQava

Nt

/O‘H

P
N Pe
v

<
AN
N
\\
N

AN

6 20 24

1.4

ﬁ\
N
~ )
AN
\\H
~N 0 A

>

o —1 o

Ll e KN

\\

174

28

AN

=20
=24

/12
a, deg

(1) cha and PR against a.

Figure T.— Continued.



NACA BM No. LOAOT 29

L4
L2 o=
e
Lo 4 A
8 L]
i
?z /
.4 4 4
/
2 ://,/
(7]
6l
(deg)
o -2
R =5
.04 —T—T—
NACA i
: N
~-04 R\
N~ Lo \
b N
C - AN
m o5 5 \\\% oL“Q
- N R
12 N o
<l6 '

-4 o 4 & 12 16 20 24
a, d8g

(c) €1, end Op against «a.

Flgure T7.— Concluded.



NACA RM No. LOAOT

30 -
.6 Oy
~ (aeg)
4 e e g%
ool b - J,._A:Egﬁ"’ S :1§
2 e e g "¢
' 8 o a0 - ] 3 3
Pl P 10
| ot— 1 - 7 B 1
N, O el 5 B
—r [ [~ 0 v
".2 /’v' —ad /0'
" N sl B b
4 -
<&
0/
Cn o =
-0/ [
02 1 £
[
¥ I~
.01 e = %
: = 2
o — 3
I° i ]
K ot o e M
41
':02 —— . /Q/
= NACA
-03 e
-4 0 4 g 2 16 20 24
o, dég '

(a) C7, Cp, and Cy, against a.

Figure 8.— Alleron characteristics of wing with extemsible leadlng-edge
and split flaps. .



31

NACA RM No. LOAOT

A

=1 .
s L~ */e‘

-

=

154

Fr

[AFiNVANEZViVs \L\
ﬁ rEVERAVAK A P17
m_ AT RAEAFL £ 7] T
| @ T 11 7 AN AL
PRI AARI AT
\\ \\\\\\\ A
mm_wigi A Iy |¢
A L
A1 q4_qrbop r | Ig
1 k\ [
; . 4 4
/ m [ ] /
Y4 / | ] A | A
e ¥ 3 § © & J ¥ e ] O
&

16 20 24

12
@, deg

a8

(b) Ch, &nd Py ageinst a.

Figure 8.— Continued.



NACA RM No. LYAOT

/4
. n?
5 -
12 D%

L0 /g;

AW

(deg}

T T

O - &

-04 O N

Cm -08 ] AN

A\

AN
)

Y

DPM:)’/

~te

-/6
-4 o 4 &8 12 e &0 24
a, deg
(c) C, and Cp against a.

Figure 8.— Concluded.



NACA BM No. LOAOT

.6
4 p 3—‘——_ = r’hrza [
sl R ____-—-&.—r"——h— &1 .
— 2 [ T
2 e e Lorergro
T e Tororohere
0 ,—o——:_v__,__—v—"”myo—/&/a—/;
G/Va | —4O0—| | a1 AP
] —— =7 n
-2 b—1 F_ lw,/’:/y'#)‘/o
: = g
y— =
4 0 et |
\W—
_'6 1 ri 1 1
.OF
o
Cn M‘:—— —
-0/

OF P —— e e
2 < & ) Y
) et ol 1ol 1ol 3
C? I 2 = é g &
-o/ = : __—D—-——‘ﬂ———_o
a i 8 A,,V“**—g;=F:§
M LT ol a
- I \d A "
4 o . M
=03 -
-4 o 4q &g 12 /6 20 24

@, deg

(2) €3, Cp, and Cy, @ageinst a.

DApDOOOQODYDS

33

Figure 9.— Alileron characteristics of wing with extensible leading-edge

and split flaps and fences.



NACA RM No. L9AOT

3k

s
. » | .
W TTAAZ e F LA 17
[ R PV IEFAPRAS X
TRITRIR 3 [ PLAN ALEIEEE Y17
FIPRYR AN [ ] A VPRI FEIA] £ g
TH PR3t Mk A VA A FREAFE K 17 i
IRIANT A /LY VATV T |
A3 444 0 R Y A AP ldiperreld 1 4 17 |9
L AL IRATNITRYNAn
3444 oh 4 81410 IMARELIL AN
HATRIAR \ .
iw B 2 < ¢ % r k m
, VL
I} nipa (UL T S
¥ oo ovoo v ov & ¥ I3 Y o ¥R Y LR G
& S

e 20 24

12
a, deg

&

(v) Cy, end Py against a.

Figure 9.— Continued.



NACA RM No. LOAOT

e -

127

AW

Vid

(aeg)

§-%4

D 25
.04

2 <
o ot \a‘\
64 P~ ’0’_——-@_\‘5‘\\“\
L
N

2 =
- {6

-4 0 4 8 2 16 20 24
o, deg

(c) C;, and Cp against a.

Figure 9.— Concluded.

35



OO K0 O NG U
.ﬂ .o wiriNN

<abaoponddavda

'(:ss)
=%
T

NACA RM No. LOAOT

WS

ARR
AR
Y

LAY

».
X
Bl
AR
YRS
ML
,
!
|

LT

¥
2 W

3
\

T

!
\
Y

36

.3@%& Bn11§a_.v Al | »
i1 1 1 FRI®
i R o
az *_AT oTwﬁ g R + N
3 Y7 B 9l pebq | o
o oAt § 3 1
al] RIS m,...w
)
fc . D ¢ > ¢4 Q
puiny .
A
__ * o
0 COOWIURI e,
§ ° 3 8333 ¥8
< Ry

(a) Cy, Cp, and cNa egainst o.

Figure 10.— Alleron characteristics of wing with extensible lesding—edge

flaps end fences.



37

NACA RM No. LOAOT

(adg)

]

2

el
(] []

<Sabaoponddava

o KO O N U
—70--70 = «

SSlLA R

Lort-o TR
L1
| o1
B
-
Ly

B

A

<>
B -y i

154

te

.04 A~
PAAPIA 1A ¥
AAPPANNA 1A
YALEA A 1 o
FPAPE I A L ¥
LT R ANU/AL
Al I g
/ Vgl /
[ o 4 4 ¥
[/ /
ol/
AL
U
] INAVAY
A A Y14
3 ¥ 3§ ¥ ¢ ] ¢ R
§

16 20 &4 28

2
@, deg

&

4

(b) Cn, end Pp against a.

Figure 10.— Continued.



NACA RM No. LOAOT

‘4

L

Lo

B

>

Y
¢

i/

N\
N
:\E&
N

\\\
N

AN \N

,y/7oa/ o

NACA . — 1

-4 o 4 g 12 16 &o
@, deg

(c) O, end € egainst a.

Figure 10.— Concluded.

24 28

¢
(o4

&
(deg)

-zg



NACA RM No. LOAOT

.03
s
.02 . %\/A
. —
.0/ - - %
-
G ¢
-o1 1 —
) % ' (deg)
Pro - g i3
-02 b= : : S 4
-l 4128
-03 ' : ' | |
(a) Plain wing
.02 : %
O/ . : =
} e
& 0 e
. — (asg)
=0/ ] % E_g
.02 A’}g:g '
’ (b) Split flaps
02 — , . =
Nz - L %f -
o ©
. A A
X7J} - /5 ; P
4 o 0.
-02 1 12 g
=% A 13.2 _
-03 L ' | | NAA~

-25 -0 -18 -0 -§ 0 5 10 15 20 25
8q , deg

(c) Drooped-noss and aplit flaps and fences.

Figure 1l.— Variation of rolling—moment coefficlent with aileron

deflection for varilous flap configurations.

39



NACA RM No. LOAOT

(d) Leading-edge and split flaps.

-0/ / L =

% o.g'
AI/' A 119;:2
<03 ' | I
{e) Leading-edge and split flaps and fenoces.
.03
.02
0/
o .
A
-01 %
I% : (deg)
Qo 0.
3 &2
A& 12.8

=02 ?%

-28 -20 -15 -0 -5 7 5 10 15 20 25
Sa, deg

(f) Leading-edge flaps and fences.

Figure 1l.- Concluded.



NACA RM No. LOAOT L1

.16
.Ie \‘
33
.08 \:\\ :
PAN
G/Ia 04 \0\\/ R ) (a) Plain wing,
S
~<& | PR »
O et .
I~ 3 32N
I~~~

-04

NG
; \i\\ :
SN
—

c R <R
=1 ~J "\.\-\ — O
H\\\ ] \éu
. N
-6 |- —=I T § o
-.20 X m— — 4 - \ﬁl-.a40
[ ~ TN ha
: ~J
42 N -~ ~ S -08
‘NN % Ny (deg)
) NN Fa ]l | o 0.6 1
o8 NN 3 &5 -2
\AKV\\ . \\‘ 2 130
-\ \
\‘ N 8 ! -/
7 ™SI g
-04 \x-\ﬂ\ i " (deg)
. {e) Drooped-nose and split EI; 19|_:§
- flaps and fences. \'h\ A 15:2
- 08 \\
=/€ : \\*\\
N
- 16 - _ \'\
-.20 i
25 -20 -5 -10 -5 0 S 10 /15 20 25
8q, deg

Figure 12.— Varlation of sileron hinge-moment coefficlent with aileron
deflection for varlous flap configurations.



NACA RM No. LOAOT

.16
74
EES\\Y
N
ZNNS
A NSRS
.04 - B h T4] Leading-edae
\ \i\\\ _ . and 'l;ﬂt £ LlpJ,
o ' 18
I~
e (doi)
- 04 .
< \ g o:a IZ
R \5‘ < E.o
-08 4 N \"‘\\ 4 15.2 08
. \\\\:\ \\ \ .
‘./2 N ~ \4 M m
\\Q - \\ ,:‘
NS N .
N
(e) Lesding-edge and Sag N ‘‘a
-20 aplit rl_lpn and fenoces.| \m\ ‘-_04
16 ;
S SN
(deg)
-,2 o o - N ‘\
2 i AN 12
N b'S 1512 NG o
.08 ‘\ \) \\\
\\x . = \\‘ '2/6
.04 &
' \ =20
0 [
Sha % (dog)
g Q.1
04 8 82
N A 128
N
-~08 N d
' N
2 O et e \i\\
'.l6 ‘\
NACA,
-20 1 1 1 !
-&5 -20 -1 -10 -5 0 5 10 15 20 25

aa ’ G@g
Figure 12.— Concluded.



NACA RM No. LOAOT

0.85 chax . Flap
0/ 2 configuration
.0 : -\-
;-1 ore
L
0 max
.00 o
E— Split
=
o
.00/ + |
Drooped-nose
__1 and gplit
and fences
o
0
S oot —— .
Leading-edge
1 and split
0
.00!¢ ¥
T Leading-ed
. ~—17 ang sgfiz &°
and fences
0
.00/ 4 Leading-edge
and fences
NACA
o
o 4 8 /2 /6 20 24
@, deg

Figure 13.— Effects of high-1ift and stall—control devices on aileron
effectivensss parameter 025'



Lk : NACA RM No. 19AOT

.0/

Flap configuration

ofe
Split
——————— Droop and spllt and fences
- L.a. and split
- L.ea. and split and fences
-——- L.e, and fences

04
03 BEE=r==—t+—T—F—1
L—1— \:‘~:i:§:?<:- ~h~““‘L~~n
~N 4&§<§® it
.02 \\\~\\\ \\\:;\d?szf:\;;
7 T~
T —
0/
o
0 4 8 /12 t6 20 24
@, deg

Figure 14.— Rolling— and yawlng-moment characteristics for e total
alleron deflection of-30°.



NACA RM No. LOAOT Ls

Flap configuration

0 b= Al (7 ors
- N\ AL >‘ ;:_
2004 = e - 94
. | 9% / .\c'h .
, o
<008 g —+—.08
o o Spiit
TR ]
R ==
-0049 <L \\ 04
-008 AN ol B 08
0 o Drooped-nose and
- split and fences
- —
[\ et -—
-~ 004 — =] - o4
\\\ y
- /
8§ 008 N % o0& Q:S
$ S~ Q
v ¢ o e 0% memmye
Q <0
o ~004 == 04 &
& T
-008 —————-~-% .08
—————
o — o Isading-edgs and
Lyt g~ aplit and fences
-004 = .04
\\
- Q08 - .08
0 -~ .—\—-\\ I "J o Isading-sdge
~§:‘ - and fences
~004 "-\WN ——11-H
-~008 I~ | 08
o 4 & /12 16 20 24
o, deg

Figure 15.— Effecte of high~1ift and stell—control devices on the aileron
hinge—moment parsmeters Chﬁ, Chys PR6 s &nd PRG,



b6

-~004

- 006

004

.004
002
/

Chy ©

=002

085 ct‘mnx &
N e
] N,
ha 0.6
H
—t—1_[
T
™~
NN — .y
[~
\\ ,
Plain wing S .
| o]
1 :
- B
0.85 cI‘nmx S,
0.6
>
b
4
[ 2
L~
//
Split fleps
[~ 0.85 ¢y
\\ max 5,
~ N
0.6
|
L] =
T NN 2
/\/ N 5
Drocoped-nose¢ and aplit flaps
and fences
0 & 12 16 20
@, deg

NACA RM No. L9AOT
0.85 @
\\ ;tz
T — c.
\ 0.6
——— " \4\
L
] W 2
L1 ___‘// ™ ]
—
Leading~edge and split flaps
0.85 oLm
Y f_b_
‘\\ N
T~ 0.6
] -,-l-
e — 2
wal [s]
4-/‘/
Leading-edge and aplit flaps and fences
B 1] .
Z _— 085 Crx | 3,
4 \\
——} 0.6
1" [~
ok
] | — 2
o-
NACA
Leading-edge flsaoa and fences [
o 4 8 12 16 20
a, deg

' Figure 16.— Effect of varilous amounts of asrocdynamic balance on alleron
hinge-moment parameter C'ha.



NACA RM No. LOAOT W7

1.6 18 N 1.6
1.2 1.2 L-«Eﬁ 1.2
g a“_fP’ 8
L P CL 4 ¢ /
4 4 4
o F 52 O 76 == o 15 24
o, deg @, dag @, deg

P Intermittently Completel,
Cross Flow Rough . " stalled Pk d

(a) Flaps off. (v) Extensible leading—edge (c) Drooped—nose flaps
flaps and split flaps. and agplit flaps.

Figure 17.— Stalling characteristice of 42° sweptback wing.



48 ) ] NACA RM No. LOAOT

7 fﬁ‘fﬁ#%
” == =

=0/ .
|1
.02
Spoller Location of
span outboard end
O 0.775b/2 0.975b/2
. b/2 . b/2
A 4 A {5/
.0/
o = _@
| ’O/'Q O/
Yo
=0/ = // ﬁx
=02 B7
‘ oy
9 ; /
\@\
<03 .-
-8 -4 o 4 8 174 /6 20 o4
o, kg

(a) ¢; and C, against a.

Figure 18.— Effects of 0.10c projection step spoilers on characteristics
of plain wing.
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Figure 19.— Effectes ¢f 0.05¢c proJection step spollers on characteristics
of plain wing.
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Figure 20.— Effects of 0.10c projectlon step spoilers on characterlstics
of wing wlth extensible leading-edge flaps and tralling—edgse splilt
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Figure 21.— Effects of 0.10c¢ projection step spollers on characterlstics
of wing with drooped—mose flaps and trailing—edge split flaps.
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